In this talk I review recent theory developments in the computation of Higgs production in association with top quarks, as well as the modelling of the corresponding backgrounds. In addition to progress within the Standard model I discuss higher-order corrections for the ttH process in the presence of new interactions.
Introduction
The measurement of Higgs production in association with top quarks is expected to provide information about the top Yukawa coupling, which in turn can be a window to new physics. The LHC is already providing measurements of ttH production for different Higgs decay channels, and these are expected to become more precise as more luminosity is collected. Work is also needed on the theory side to provide accurate predictions. Next-to-leading order (NLO) QCD corrections for the ttH process have been computed in [1] [2] [3] [4] , with off-shell effects in [5] , whilst NLO electroweak (EW) results are given in [6] [7] [8] . Recently results for resummation at NLL [9, 10] have been promoted to NNLL [11, 12] . Finally, the combination of QCD and EW corrections including off-shell effects has been discussed in [13] . Significant progress has been made also related to the modelling of the ttbb background, in particular in assessing the uncertainties in relation to matching to the parton shower.
Precise predictions for beyond the SM scenarios are equally important at the LHC Run II. The Standard Model Effective Field Theory (SMEFT) provides a modelindependent framework to parametrise deviations from the SM via higher-dimension operators modifying the SM Lagrangian as follows:
Fully differential NLO QCD corrections for top-quark production in the EFT have started to become available. These include top-quark pair production, single top production and associated production [14] [15] [16] [17] . QCD corrections can have a large impact on both the total cross sections and the differential distributions. NLO predictions come with reduced theoretical uncertainties and can provide more reliable information for EFT fits. In this talk I focus on some recent developments in precise computations of the ttH process and the ttbb background, as well as the computation of higher order corrections for ttH in the presence of new interactions.
Precision calculations for ttH and ttbb
Results for ttH production at NLO+NNLL have been obtained by two independent computations, one in the traditional resummation framework [11] and one within SCET [12] . Both computations perform a soft gluon resummation, leading to improved predictions with reduced uncertainties as shown in fig. 1 . Differential results are also provided showing small changes in the distribution shapes, but a significant reduction of the scale uncertainties.
In addition to QCD corrections, significant progress has been made for EW corrections computed in [6] [7] [8] . Whilst the impact of EW corrections is small at the total [11] . Right: results from [12] . For more details see the corresponding publications.
cross-section level, these are important in the high p T tails due to the Sudakov logs as shown in fig. 2 (left). Electroweak corrections have been also obtained for off-shell top quarks, taking also interference effects into account in [13] . These results are in agreement with the results for stable top quarks, and also show good agreement with the double pole approximation as shown in fig. 2 (right). Finally a combination of EW and QCD corrections shows that additive and multiplicative combinations give almost identical results [13] .
As measurements at the LHC improve in terms of statistics, it is also important to reduce the systematic uncertainties. One systematic uncertainty for ttH is the one coming from the modelling of the ttbb background. Several aspects enter the modelling of ttbb such as the use of the 4 or 5-flavour scheme, matching and merging of different jet multiplicities as well as parton-shower effects. The need to include the ttbb matrix elements to describe the process has motivated the computation of ttbb at NLO+PS in [18] . The invariant mass distribution of the two hardest b-jets is shown in fig. 3 (left) . This study has shown that there is a large enhancement compared to the fixed-order results, due to secondary gluon splittings into bb pairs in the shower. These findings have also motivated a systematic comparison between Monte Carlo generators, as well as parton showers within the LHCHXSWG ttH subgroup [19] , as shown in fig. 3 (right) . Differences have been found between generators, with MG5_aMC [20] showing a larger enhancement over the fixed order results compared to Sherpa+Openloops [18] and Powhel [21] . To provide a better understanding of the differences, further comparisons are ongoing, including a new implementation in PowHeg and a detailed comparison of different parton shower codes with MC@NLO Left: Impact of EW corrections from [6] . Right: Comparison with double pole approximation for top decays, taken from [13] . For more details see the corresponding publications.
matching.
ttH in the EFT
For ttH production the following operators contribute at dimension-6 [17] :
Four fermion operators and the triple gluon operator also contribute but these are expected to be constrained from top pair production and multijet processes respectively. The three operators above mix under RG flow, O tG mixes into O φG , and both of them mix into O tφ . Their contribution to the cross-section is parametrised as:
Results for the cross sections at 13 TeV are summarised in fig. 4 uncertainties are also shown. The EFT scale uncertainty is obtained by computing the EFT cross section at a different EFT scale taking mixing and running effects into account. A detailed discussion of the relevant uncertainties, RG effects and a comparison between full NLO and RG corrections is presented in [17] . CP-violating couplings can also be searched for in ttH production. Ref. [22] computes the ttH cross-section in the presence of pseudoscalar couplings as described by:
The dependence of the cross section at NLO+NLL as a function of the mixing angle α is shown in fig. 5 . Differential distributions are also obtained with higher-order corrections. Figure 6 (left) shows the p T of the Higgs in ttH at 13 TeV at LO and NLO (fixed-order) for the three operators of Eq. 2, demonstrating different shapes between different operators and non-flat K-factors [17] . Similarly the same distribution at NLO+NLL is shown for two different values of the mixing angle α in fig. 6 (right) as obtained in [22] .
Summary
In these proceedings I summarised recent developments in the computation of ttH in the SM, including resummation, QCD and EW corrections. I reviewed also recent Left: SMEFT for different operators from [17] . Lower panels give the K factors and µ R,F uncertainties. Right: distributions for the CP-even and CP-odd couplings from [22] .
